Mast cells in the left cranial pulmonary lobe of colostrum-deprived neonatal calves were quantified 2 and 6 h after intrabronchial inoculation with Mannheimia (Pasteurella) haemolytica A1. The mast cells were detected (1) immunohistochemically with a mouse anti-human mast cell tryptase monoclonal antibody, and (2) by metachromatic staining with low pH toluidine blue. A greater number of mast cells was demonstrated by the second method than by the first. At 6 h after inoculation, but not at 2 h, the number of mast cells was significantly reduced at the site of the main lesions. Treatment of calves with a sialyl Lewis mimetic (TBC1269) did not appreciably affect the results at 6 h.
Introduction ucts have not been fully characterized (Whiteley et
Apart from their role in the IgE-mediated immune al., 1992) . Few studies have assessed the role of response, the relevance of mast cells in non-specific mast cells in this pneumonic syndrome. However, pulmonary defence mechanisms is being re- Adusu et al. (1994) reported that mast cells recognized increasingly (Abraham et al., 1997) . In covered from cattle infected experimentally with M. the respiratory tract, mast cells are essential for haemolytica release increased amounts of histamine in bacterial clearance (Malaviya et al., 1996) . Fur-vitro; and M. haemolytica leucotoxin and lipopolythermore, mast cells produce an array of cytokines saccharide both cause an increase in the spontanand vasoactive compounds that mediate the acute eous release of histamine from isolated bovine lung inflammatory response (Malaviya et al., 1996; Ab-parenchyma (Saban et al., 1997) . raham et al., 1997; Metcalfe et al., 1997) .
The distribution and quantification of mast cells Pasteurella haemolytica A1, the bacterium most fre-in the bovine lower respiratory tract have been quently isolated from natural cases of pneumonic described (Chen et al., 1990; Kü ther et al., 1998) , pasteurellosis in cattle (Whiteley et al., 1992) , has but there have been no studies on the influence of recently been reclassified as Mannheimia haemolytica the acute inflammatory response induced by M. (Angen et al. 1999) . The pathogenesis of acute haemolytica on the numbers of mast cells in the bovine lung. Kimman et al. (1989) , however, reported a reduced number of mast cells in the lungs (1994) suggested that the number of recognizable the control animals that had received saline. The samples were fixed in buffered 10% formalin. mast cells decreases during an acute inflammatory response due to their degranulation.
The aim of the present study was to investigate Histological and Immunohistochemical Examination (1) the effect of M. haemolytica infection on the number of pulmonary mast cells, the work of Ab-The samples were embedded in paraffin wax, sectioned (4 m) and stained with haematoxylin and raham et al. (1997) having already suggested that such cells react to gram-negative bacteria, and (2) eosin (HE), Giemsa, astra blue, toluidine blue or low pH toluidine blue, or immunohistochemically the effect of a synthetic analogue (TBC1269) of sialyl Lewis (the natural ligand of the selectin family for tryptase. Except for HE, which was employed for evaluation of histological changes, the stains of leucocyte adhesion molecules), which competes with sialylated oligosaccharides, inhibiting the ad-were used for the recognition of mast cells. Low pH toluidine blue and tryptase staining were carhesion of selectins in vitro (Kogan et al., 1998) , and might therefore exert an in-vivo effect on mast ried out as described by Chen et al. (1990) and Kü ther et al. (1998) , respectively. cells.
Immunohistochemical examination was made with a primary monoclonal mouse antibody (antiMaterials and Methods human skin mast cell tryptase) recommended for formalin-fixed, paraffin wax-embedded tissue secAnimals and Treatments tions (Mast Cell, AA1; Dako, Carpinteria, CaliColostrum-deprived, Holstein male calves aged 1-3 fornia, USA). Briefly, the slides were heated in an days were obtained from Iowa State University oven for 30 min at 58°C, dewaxed in xylene and Dairy Farms and maintained in isolation rooms in treated with a succession of graded alcohols. Subaccordance with the methods approved by the sequently, they were subjected to an antigen reAmerican Association for Accreditation of Laborat-trieval process which included heating the slides to ory Animal Care and the University Animal Care boiling (c. 1·5 min) in citrate buffer (pH 6·0) folReview Committee. The animals were randomly lowed by an extended heating (c. 95°C) for 10 min. assigned to five groups. Group 1 (three control They were then pre-digested with 0·1% protease animals), which received pyrogen-free saline, were XIV (Sigma, St Louis, Missouri, USA) at 37°C for killed at 2 h post-inoculation. Group 2 (four an-5 min. The primary antibody was applied at a 1 in imals) were inoculated with 10 9 colony-forming 50 dilution and the slides were incubated for 1 h units (cfu) of M. haemolytica and killed at 2 h post-at room temperature. The secondary antibody, inoculation. Group 3 (three control animals), which affinity-purified biotinylated goat anti-mouse (KPL, received pyrogen-free saline, were killed at 6 h. Gaithersburg, Maryland, USA), was employed at Group 4 (four animals) were inoculated with 10 9 cfu 1 in 200 dilution and the slides were incubated for of M. haemolytica and killed at 6 h post-inoculation. 30 min. The procedure included a 30-min treatGroup 5 (four animals), which received TBC1269 ment with super-sensitive alkaline phosphatase (Texas Biotechnology Corp., Houston, Texas, (BioGenex, San Ramon, California, USA), followed USA) in pyrogen-free saline (0·9%) intravenously by two 30-min applications of Histomark Red (25 mg/kg) 30 min before and 2 h after inoculation (KPL, Gaithersburg, Maryland, USA). All of these with 10 9 cfu of M. haemolytica, were killed at 6 h steps were carried out in an OptiMax Plus autopost-inoculation. Euthanasia was carried out with mated cell staining system (BioGenex). The slides an intravenous overdose of sodium pentobarbital. were counterstained with haematoxylin for 20 s, dehydrated through alcohols, cleared in Pro-Par (Anatech Ltd, Battle Creek, Michigan, USA) and Intrabronchial Inoculation and Collection of Tissues "coverslipped". Negative controls, omitting the primary antibody, were included. Saline and M. haemolytica suspension, in volumes of 5 ml, were deposited in the left cranial bronchi by fibreoptic bronchoscopy as previously described Procedure for Counting Mast Cells, and Statistical (Brogden et al., 1995; Ackermann et al., 1996) . Analysis Samples of lung from the animals receiving M. haemolytica inocula were collected from the site of Mast cells were counted in 20 high-power (×400) fields (equivalent to c. 3·694 mm 2 ) and expressed the inoculum deposition (site 2) and from two adjacent sites, cranial (site 1) and caudal (site 3) to in cells/mm 2 , as described by Chen et al. (1990) . The fields were randomly selected on each slide the lesion. Equivalent samples were collected from with no premeditated intention to avoid empty be recognized at medium (×100) power, and (2) absence of interfering background. The immunospaces except for the lumina of large airways or large blood vessels. A first counting procedure histochemical procedure for tryptase proved to be the best method for producing distinctive staining, included the three sites (1, 2, and 3) in infected and control animals. There were usually two slides followed by low pH toluidine blue. Mast cells in sections treated immunohistochemically had deeply from each site, each slide bearing two lung sections, but only a single section, randomly selected, from stained, bright red cytoplasm (Fig. 1B, inset) , whereas low pH toluidine blue gave the chareach of sites 1-3, was used; the result for each animal was the mean value obtained from the three acteristic metachromatic appearance of mast cell cytoplasm ( Fig. 1A and B) . When the two prosites. In a second counting procedure sites 1 and 3 were excluded, mast cells being counted only in cedures were used on replicate sections from randomly selected animals, higher numbers of mast site 2; average values were obtained from counting three sections, except in two animals from which cells were detected (P<0·01) with the low pH toluidine blue stain. The analysis for comparison was only two sections were available.
The data were analysed in a completely random a Student's t-test, assuming independent samples and unequal variances (Steel et al., 1997) . Tryptase design with the model Yij= + i+ ij. Subsequently, a Tukey's w procedure was used for staining yielded a result of 0·507±0·394 mast cells/ mm 2 (mean±SD; n=8), whereas low pH toluidine specific comparisons (Steel et al., 1997) .
blue yielded 5·210±2·655 mast cells/mm 2 (mean±SD; n=8). The latter method was thereResults fore chosen for comparing the different animal Gross Lesions and Histopathology groups. In the comparison made by the first counting Macroscopically, all of the animals inoculated with procedure (average of values from sites 1-3) analysis M. haemolytica (groups 2, 4 and 5) showed charof variance (ANOVA) indicated differences beacteristic lesions of pneumonic pasteurellosis, intween the groups of animals but not at a statistically cluding consolidation with zones of haemorrhage significant level (P>0·05) ( Table 1) . However, the and variable amounts of fibrin on the pleural surcomparison made by the second counting proface. These lesions ranged from moderate to severe cedure (average of values from site 2) revealed and were always confined to the site of deposition highly significant differences between groups of the inocula. Animals killed at 6 h post-in-(P<0·005). A posterior analysis of the data made oculation had the more severe changes. The main with Tukey's w procedure (Steel et al., 1997) demlesions, which varied in diameter from 4 to 8 cm, onstrated that calves inoculated with M. haemolytica were confined to site 2; the adjacent areas (sites 1 and killed 6 h later (Groups 4 and 5) had reduced and 3) showed mild congestion and oedema. Connumbers of mast cells as compared with controls trol animals (groups 1 and 3) had no lesions. Micro-(Groups 1 and 3) (P<0·05). Calves in Group 2, also scopically, site 2 in the lungs of the infected animals inoculated with M. haemolytica but killed 2 h later, showed a moderate to severe suppurative or fibalso had reduced numbers of mast cells but the rinosuppurative bronchopneumonia and extensive reduction was not statistically significant (P>0·05). areas of alveolar oedema and haemorrhage; these Differences were not detected between the infected were multifocal, the foci sometimes coalescing. groups (2, 4 and 5) ( Table 2 ). The lesions in the adjacent sites 1 and 3 were characterized by interstitial and alveolar oedema, with neutrophils in the interstitium and bronchioles Discussion and adjacent alveolar spaces; these lesions were The decreased number of mast cells in the lung of considered mild and had a diffuse distribution with calves inoculated with M. haemolytica was restricted interspersed areas of normal tissue. The control to the site of the main lesions. This decrease was animals showed mainly normal tissue with some statistically significant at 6 h post-inoculation but discrete areas of thickening of the alveolar septa not as early as 2 h. Mast cells were particularly due to interstitial oedema. There was no evidence scarce in areas with severe damage, characterized of inflammatory response.
by fibrinopurulent or fibrinohaemorrhagic pneumonic lesions. However, when less-affected areas Mast Cells adjacent to the site of severe lesions were included in the comparisons, the numbers of mast cells were The criteria for optimal detection of mast cells were (1) distinctive staining, enabling mast cells to reduced but not to a statistically significant level. This suggests that the disappearance of mast cells mouse anti-human skin mast cell tryptase antibody worked well in recognizing tryptase-positive mast due to degranulation during an acute inflammatory response (Cheville, 1994) is intimately related to cells in the bovine lung; however, as in the present study, higher numbers of mast cells were detected the intensity of the lesion and the time of exposure. Furthermore, this confirms the relevant role of with low pH toluidine blue stain. Jolly et al. (1999) suggested that one of the reasons for this dismast cells during an acute inflammatory response, particularly in the lung.
crepancy was the high specificity but lack of sensitivity of this monoclonal antibody; an alternative It has been postulated that mast cells represent one of the most important means of defence in possibility was that the type of tryptase produced by bovine mast cells was unable to react readily the lung in both innate and immune responses (Abraham et al., 1997) . In a mouse model of pneu-with the monoclonal antibody employed.
Mast cell density and staining properties may be monia produced by Klebsiella pneumoniae, mast cells were necessary for modulating the lung in-influenced by a number of factors, including age and health. In the rat, mast cells have not been flammatory response and bacterial clearance (Malaviya et al., 1996) ; these effects were mainly recognized in the fetus ( Jeffery, 1998) and are very scarce in the newborn (Wilkes et al., 1992) . Mast attributed to the release of tumour necrosis factoralpha (TNF-) from mast cell granules. Ad-cells arrive in an immature state of differentiation in the tissues in which they complete their maturation ditionally, mast cells contain a vast array of proinflammatory cytokines, such as interleukin-1 (IL- (Metcalfe et al., 1997) . Here they first express proteoglycan (heparin); the expression of the proteases 1) and interleukin-8 (IL-8) (Abraham et al., 1997; Metcalfe et al., 1997) . Increased amounts of these occurs at the end of the process in mature mast cells (Welle, 1997) . It is possible, therefore, that cytokines have been demonstrated in the lungs of cattle with pneumonic pasteurellosis (Yoo et al. , the numbers of mature mast cells expressing tryptase were low in the present study because of the 1995; Caswell et al., 1998) . Chen et al. (1990) reported that with low pH young age of the calves. Metachromatic staining of immature mast cells may be possible as the result toluidine blue, formalin and isotonic formalinacetic acid fixation resulted in similar numbers of of early expression of a proteoglycan matrix in their granules. stained pulmonary mast cells. The same authors found that the number of mast cells was draIn a model of viral bronchiolitis in rats infected with Sendai virus, increase in the number of mast matically lower (c. 12 mast cells/mm 2 ) in 8-day-old calves than in adult cattle. In the present study cells resulted from both a proliferation of preexisting mast cells and an augmented recruitment c. 7 mast cells/mm 2 were recognized in the controls, but the calves were younger than those examined of circulating mast cell precursors, but a significant increase in mast cells occurred only after day 14 by Chen et al., (1990) .
Mast cell proteases are considered to be the most post-infection (Sorden and Castleman, 1995) . Conversely, during acute episodes of naturally ocspecific markers for mast cells (Metcalfe et al., 1997; Welle, 1997) . Tryptase-positive mast cells form the curring bovine respiratory syncytial virus infection, the numbers of pulmonary mast cells decrease great majority (>95%) of mast cells in the bovine lung (Kü ther et al., 1998; Jolly et al., 1999) . For (Kimman et al., 1989) ; furthermore, the lungs of the virus-infected cattle contained an increased demonstration of mast cell proteases, Kü ther et al. (1998) reported that the use of Carnoy's fixative proportion of degranulated mast cells. Our observations were compatible with the results of Kimwas preferable to formalin fixation, but the difference was not statistically significant in the lungs of man et al. (1989) .
Since the synthetic compound TBC1269 is a adult cattle; the authors suggested that mast cells from various tissues exhibited different sensitivity to potent inhibitor of selectin-mediated cell adhesion in vitro (Kogan et al., 1998) , we suspected that formalin and that bovine mast cells were relatively formalin-resistant. However, Kü ther et al. (1998) reducing the infiltration of neutrophils would have an effect on mast cell degranulation. This notion employed a polyclonal rabbit anti-human mast cell tryptase antibody, whereas we used a monoclonal is supported by the recent work of Befus et al. (1999) , who demonstrated that neutrophil defensins mouse anti-human antibody. Nonetheless, the results in quality of staining were comparable but, induce mast cell degranulation. However, the decreased numbers of mast cells in TBC1269-treated as already mentioned, the number of cells demonstrated immunohistochemically was less than animals (Group 5) were not significantly different from those in animals receiving the bacteria alone that stained by low pH toluidine blue. More recently, Jolly et al. (1999) reported that a monoclonal (Groups 2 and 4). Thus, TBC1269 did not prevent Cheville, N. F. (1994 producing P-and E-selectins (De Mora et al., 1998) . P-and E-selectins are required for the leukocyte recruitment, but not the tissue swelling, associated with IgE-and mast cell-dependent inflammation in mouse skin. Laboratory Investigation, 78, 497-505.
